The centric regions of human chromosomes contain a heterogenous mixture of highly repetitive DNA sequence families. Among those, alpha satellite (alphoid) DNA, dominate at the centromeres of all human chromosomes and clones of repeated monomer or higher order repeat units have been isolated from almost all types of human chromosomes').
The alpha satellite DNA repeat units consist of diverse, tandem reiterated monomer units of---171 bp, which in turn are composing various higher order repeat units of 2-3 kb 2-5). The units are tandemly repeated more than 1,000 times to form a long array at the centromeric regions of chromosomes.
Despite a certain degree of sequence heterogeneity among the repeat units, the consensus sequences for the monomer unit were deduced from the sequence data of total 298 . monomer units isolated more than 12 human chromosome types2,4)
The availability of chromosome-specific repetitive DNA markers would provide a useful method to identify a certain type of chromosomes or chromosomal regions6). In fact, the alpha satellite DNA clones have been used for the identification of chromosomes sorted by flow cytometry and for cytogenetical analysis of human chromosomes in metaphase or even interph ase cells7'8 .
Here we tried to develop a DNA probe recognizing the centrometric regions of all types of human chromosomes by fluorescent in situ hybridization (FISH) and device a system to quantify the amount of probe fluorescence hybridization on each chromosome for an estimate of radiation doses.
MATERIALS AND METHODS
The approach for generating a sequence synthetically for human alpha satellite consensus sequence was reported elsewhere9). After construction of a pUC vector DNA harboring the monomer unit DNA, plasmids carrying dimeric (pAP-2) and tetrameric (pAP-4) units were also constructed.
FISH was carried out essentially according to Pinkel et al.10) . Metaphase cells were obtained from phytohemagglutinin (PHA)-stimulated human male lymphocytes. The irradia tion of y-ray to peripheral blood lymphocytes with 60Co was done after bleeding at a dose of 1 , 2, or 4 Gy prior to PHA stimulation. When the clone of alpha monomer unit is used, pAP-4 DNA was digested with HaeIII and labeled with photoprobeTM biotin (Vector Laboratories Inc, USA) according to the manufacturer's directions. The metaphase chromosomes were dena tured in 70% formamide, 2 X SSC (0.15 M NaCl, 0.015 M sodium citrate) at 70°C for 2 min, followed by dehydration in ethanol series of increasing concentration (50, 75, 95 and 100%) at 4°C. The hybridization mixture contained 20---100 ng/ml biotinylated alphoid monomerDNA, 200,ug/ml sonicated salmon sperm DNA, 10% dextran sulfate, and 2 X SSCP (SSC+ 15 mM Na phosphate) in 20---50% formamide at pH 7.
After overnight hybridization at 37°C, the slides were washed 3 times for 3 min each in 20 50% formamide, 2 X SSC at 42°C, followed by 3 washes for 3 min each in 2 X SSC at 42°C. The slides were then incubated with anti-biotin rabbit IgG, subsequently with FITC (fluorescein isothiocyanate) conjugated anti-rabbit IgG goat serum (Cappel, U.S.A.) and further with FITC conjugated anti-goat IgG rabbit serum (Cappel, U.S.A.). This cycle was repeated twice. Finally, the metaphase chromosomes were counter-stained with propidium iodide (PI; 0.8,ug/ ml) and/or diamidinophenylindole (DAPI; 0.4,ug/ml) to allow simultaneous observation of chromosomes and hybridized probe-fluorescence. The slides were mounted with 50% glycerol in phosphate buffered saline supplemented with antifade solution and screened with Nikon fluorescence microscope. Fluorescence intensities were measured by using a fluorescence digital image microscope equipped with a high gain colour CCD (charge coupled device) camera (Flovel, HCC-3600) controlled by a generator (Fig. 1) . Fluorescence image was transferred to a digital image processor. Integration of the intensity of an image was performed by a VME system using the software developed by us. Fluorescent images observed in the microscope were stored tentatively in the accumulator, and then transferred to frame-memory . Then the following processes were performed as shown in Fig . 2 
RESULTS AND DISCUSSION
We showed that all centromeric regions of human chromosomes were labeled with FITC sufficiently by FISH under a lower stringency condition9). We also found that the probe could detect both centromeric regions in a constitutional dicentric X chromosome9).
Thus we tried to use the synthetic alphoid DNA probe for a measurement of dicentrics in metaphase of radiation-exposed cells.
Using the alphoid probe, we showed several dicentrics (stained with FITC) as well as acentric fragmented chromosomes in metaphases of y-irradiated cells and that the number of appearance of dicentrics or acentric fragments seemed to be proportional to radiation doses 12). To make such examinations with a certain number of chromosomes of metaphase, a quantitative fluorescence measurement was performed using a fluorescence microscope digital image analysis system.
A linear relationship appeared between total PI fluorescence on each chromosome and the chromosome area surrounded as fluorescent image, that is corresponding to chromosome size. This resembles a dot plot of chromosomal fluorescence versus intensitites of scattered light by flow cytometry.
While, as shown in Fig. 3 , plots of relative amounts of probe-fluorescence (percent of total FITC in one metaphase) varies to a certain extent (between 1 to 4%) with chromosomes indicated as relative PI fluorescence.
These differences might be partly due to inadequate reflection of consensus sequence from real construction of alphoid monomer units on each chromosome and a polymorphism in satellite DNA content even with homologous chromosomes. However, as shown in Fig. 4 , we could score dicentrics and acentric fragments as dots with extraordinarily higher or low percentage in plots of relative amount of FITC on chromosomes in metaphases of y-irradiated cells, compared to the dots of unirradiated cells. The dots were accumulated from the data of 10 metaphases. Figure 5 is a dose-response curve based on the data shown in Fig. 4 . The number of appearance of acentric fragments are proportional to the doses of y-irradiation of 1, 2, and 4 Gy, suggesting a first order relationship. In the case of dicentrics, including multi-centrics, a linear-quadratic increase appeared with increasing doses. Since dicentrics are considered to be formed as a result of dual radiation action, the result would be reasonable. However, some ambiguity remained especially at a lower dose, so we tried to device a system to find out a chromosome with a higher percentage of probe-fluorescence in total on two separate centromeres by scanning intensity along the axis of chromosome.
Since we have to search a large number of metaphases to find out dicentrics at lower doses, we tried to develop an alphoid DNA probe minimizing variation of probe-fluorescence with chromosomes so that we could simply score dicentric dots with a higher percentage of probe-fluorescence than the highest value of unirradiated cell metaphase chromosomes. reflecting the higher order repeat units of various chromosomes more exactly. Main products amplified between CENP-B box sequence by PCR were about 510 by and 340 by (less amount) DNA fragments. Using the product as a probe, we performed FISH with unirradiated lymphocyte cell metaphases. Fig. 6 shows dot plots of relative amounts of probe fluorescence versus chromosome sizes.
The variation of probe-fluorescence with CENP-B box primed PCR product as a probe (Fig.  6b) was reduced by about one fifth, compared to that with the consensus alphoid DNA as a probe (Fig. 6a) . a) using synthesized consensus DNA unit as a probe, b) using CENP-B box primed PCR product as a probe. The intervals for including 95% population (indicated as bars) were caliculated according to the formula.
However, there remains a difficulty to score di-and multi-centrics simply as dots with a percentage higher than the upper limit of the interval for including 95% population of untreated cell metaphase chromosomes. Anyhow, although acentric and most dicentric chromosomes are not inheritable, scoring of such chromosomes could be used as a measuring system for radiation doses just after exposure. Furthermore, using the synthetic alpha satellite DNA and the measuring system, we could analyze chromosome abnormalities such as stable dicentrics and centromere-involved chromo some translocation.
